ABSTRACT: Long distance transportation of weaned piglets (Sus scrofa) is increasingly common in the United States and may result in delayed eating, drinking, or normal social behaviors. A potential solution is a midjourney rest (lairage). The objective of this study was to determine if a lairage altered behavior after a 16-h transport. Pigs that weighed approximately 18 kg each (n = 894) were housed in 16 pens with 8 pens per treatment. Lairaged pigs were transported for 8 h and given an 8-h rest with food and water, whereas control pigs were transported continuously for 16 h. The heaviest, the lightest, and 2 average-BW pigs relative to the average weight of the pen were observed by video recording for 24 h immediately before and after transport, and during d 6 and 13 after transport. Postures (lying, sitting, and standing) were recorded using 10-min-interval scan sampling, and behavioral categories included inactivity, activities (eating, drinking, alert, manipulating pen, rooting, and walking) and social interactions (aggression, belly nosing, playing, tail biting, and positive social behaviors). In both treatments, sitting occurred most before transport (P < 0.01) than at other times, but did not differ between treatments. Standing increased (time
INTRODUCTION
Transportation is a common management practice for weaned pigs and an inevitable stressor. Measuring behavior is a good method to assess welfare of transported animals because it has the benefi t of being minimally invasive (Broom, 2005) . A number of physiological changes occur in response to stressors involved with transport, and these may alter behavior (Zanella and Duran, 2001) . A reduction in immune functions effect; P < 0.01) for both treatments immediately after transport through d 6, but returned to pre-transport values by d 13. In contrast, lying decreased (time effect; P < 0.01) after transport, but returned to above pre-transport values by d 13. Time effects were evident for activity (P < 0.01), pen manipulation (P = 0.05), rooting (P < 0.01), initiation of belly-nosing (P = 0.01), and receiving bellynosing (P = 0.03); however, initiation of aggression did not differ for day (P = 0.19) or treatment (P = 0.56). Lairaged pigs initiated more (P = 0.05) play than continuously transported pigs, but no differences (P = 0.84) were seen in receipt of play behavior. Pigs that were to be transported for 16 h continuously walked less pretransport, walked more post-transport (treatment × time interaction; P = 0.02), and drank less pre-transport, but drank more on all days post-transport compared with the lairage group (treatment × time interaction; P = 0.001). This study indicated that extended transport without lairage alters some swine behaviors relevant to production (water consumption) and demonstrated that a longduration transport, regardless of the mid-journey lairage treatment, affects a number of behaviors up to 13 d after transportation.
can be caused by over-secretion of stress hormones (catecholamines) in response to transport (Carlson et al., 1997; Richlin et al., 2004; Warriss, 2004) . The decline in immune system function associated with stress leads to predisposition to disease in which proinfl ammatory cytokine release causes severe hypersomnia and anorexia in pigs (Warren et al., 1997) . Often during prolonged transports, animals are deprived of food and water, frequently for up to 72 h, leading to unacceptable levels of hunger and dehydration. The intestinal epithelium becomes more permeable after subjection to stressors, altering digestion and increasing vulnerability to pathogens. These alterations in physiology due to stress often lead to marked behavioral adjustments (Zanella and Duran, 2001 ).
Legislation in the European Union requires that swine transported for the maximum of 24 h be given access to water during the entire journey (CEC, 2005) . Some legislation protecting animals during transportation includes regulating feeding and drinking intervals, and maximum journey durations (Zanella and Duran, 2001 ), but these regulations and directives are not verifi ed by scientifi c research (Marahrens et al., 2003) . There is no such legislation in effect in the United States, partially due to the lack of research regarding novel methods of reducing stress during and after transportation (Zanella and Duran, 2001) . Therefore, the objective of this study was to compare behavior of pigs given an 8-h rest stop (lairage) during a 16-h journey with those transported for 16 h continuously.
MATERIALS AND METHODS
All animal use procedures were approved by Purdue Animal Care and Use Committee.
Experimental Design, Animals, and Housing
A randomized complete block design was used to compare pigs transported for 16 h with or without an 8-h mid-journey rest stop. A total of 894 terminal crossbred pigs (Yorkshire × Landrace maternal line females bred to terminal sire Hampshire × Duroc boars) born to sows maintained at the Animal Science Research and Education Swine Unit at Purdue University were used in 4 replicates of the experiment. All pigs were born to sows in conventional farrowing crates with perforated metal fl ooring, and pigs were kept in their intact litters until weaning at an average of 19 d of age. At weaning, pigs were transferred to the same nursery, where they were blocked by sex, BW, and litter into 16 identical pens (1.52 by 2.74 m) with perforated metal fl oors. Pens of pigs were randomly assigned to 1 of 2 transport treatments in a randomized complete block design.
Eight pens contained the lairage treatment and 8 pens contained the continuously transported treatment. After weaning, all pigs had ad libitum access to i) a 22% CP nursery meal diet containing 22 g/kg Carbodox (Phibro Animal Health, Ridgefi eld Park, NJ) for the fi rst week; ii) a pig starter transition feed containing 21% CP for the 10 d after the nursery diet; and iii) an 18% CP pig starter diet formulated with 22 g/kg Carbodox (Table 1 ). All pigs had free access to water at all times. There were 12 to 16 pigs per pen, depending on pig availability during a particular replicate, with the number of pigs per pen balanced across treatments. Between 169 and 247 pigs were used in each replicate, again depending on availability. Four weeks after weaning, pigs were loaded onto the transport trailer.
Four replicates were conducted, one each in January, April, August, and October (n = 169, 247, 231, and 247 pigs, respectively). On transport day, pigs were walked down an alley (length of walk varied between 2 and 12 m) from their nursery pens to a hydraulic lift trailer that moved them to the semi-trailer. Pigs were hauled on the lower level of a dual level, rear loading, transport trailer with extended exhaust pipes on the cab. The trailer was bedded with pine shavings. Panels to divert wind were added to the trailer when ambient temperatures were below 10°C. Pigs were loaded at a stocking density of 0.125 m 2 per pig. Pens on the bottom level of the trailer were constructed to keep pigs in their nursery pen group. This resulted in 4 pens across the trailer, with 4 rows for each treatment. The fi rst pen was 2.5 m from the front of the trailer and the last pens were about 1.5 m from the end of the truck through which the pigs were loaded. There was no mixing within or across pens or treatments during any phase of the transport process. Both treatments were transported for 16 h; however, the 8-h lairage treatment was allowed a rest mid-journey. Therefore, the continuously transported pigs began their journey 8 h after those that were given the lairage. All pigs completed the last 8 h of the trip at the same time. Pigs were then placed into new pens in a different barn from which the pigs originated and different from the pens and barn used for lairage.
For ease of loading, the lairage treatment was loaded into 8 randomly assigned pens at the rear of the transport trailer, farthest away from the cab. Temperature and relative humidity data were recorded at 30-min intervals using HOBO States (Onset Computer Corporation, Bourne, MA) throughout the trailer, with less than 1°C difference, to determine that no environmental extremes existed throughout the trailer which could have confounded the treatments (Williams et al., 2008) . Three environmental monitors were placed on the panels within the truck, above pig height: 1 on the inside front panel, 1 on the panel separating the 2 treatments, and 1 on the rear panel.
To ascertain that no location effects confounded this design, data were compared within treatments for possible effects of front to back location in the truck. Temperature data did not vary by location in the trailer (P > 0.10).
Pigs were transported for 8 h on a mapped journey containing both rural and highway routes to simulate a standard industry transport. The truck returned to the Purdue University Swine Unit at the end of the 8-h transport, and pigs were unloaded by pen, into eight 1.68-by 4.27-m, concrete slatted-fl oor pens in the fi rst grower and fi nisher barn for the 8-h lairage treatment. Pigs were immediately offered the nursery diet and water for 2 h (the same diet offered in the nursery was offered in lairage), after which feeders were removed from the pens for the remaining 6 h of lairage with pigs allowed ad libitum access only to water. Meanwhile, the continuously transported treatment was loaded by pen into 8 randomly assigned transport pens at the front of the trailer, closest to the cab to begin their fi rst 8-h leg of the transport over the same route. After the rest stop of the lairage treatment and the fi rst 8-h leg of transport of the continuous treatment were completed, the truck returned to the Purdue University Swine Unit to reload the lairage pigs into their original 8 pens for the remaining 8 h of transport over the same route. At the end of the transport, all pigs were unloaded by pen into the second grower and fi nishing barn into 16 randomly assigned 2.13-× 4.27-m concrete slatted fl oor pens with ad libitum access to feed and water.
Behavioral Measures
Observations Pre-Transport. Four focal pigs per pen were chosen based on sex and BW (the heaviest, the lightest, and 2 average-BW pigs relative to the average weight of the pen). Focal pigs were balanced by sex among treatments. The behaviors of 203 focal pigs were collected using ceiling mounted cameras (WV-BP330; Panasonic Corporation of North America, Secaucas, NJ) attached to time-lapse video recorders (AG6740; Panasonic Corporation of North America) or a digital video-recording system (IPD-DVR816; Inter-Pacifi c Inc., Northbrook, IL, or a RECO System 140, DARIM Vision, Pleasanton, CA) set to record in 24-h mode with a minimum frame speed of 5 frames/s to ensure clarity of behaviors. Behavior was recorded for 24 h immediately before transport. From the video data, the posture and mutually exclusive behavior of each focal pig (described in Table 2 ) was extracted using a 10-min interval scansampling technique by the same trained observer.
Observation Post-Transport. Behavioral observations were recorded for 24 h immediately after transport, as well as during d 6 and 13 post-transport, using methods as previously described for observations recorded pre-transport to determine behavioral time budgets. Each camera was focused to record 2 pens simultaneously.
Statistical Analysis. Data were tested for normality and transformed as necessary. Data were analyzed as repeated measures of using the mixed models procedures (SAS Inst. Inc., Cary, NC). Pigs were blocked by season. Pen of pigs was the experimental unit (n = 32 per treatment), with pig within pen, sex, and litter included in the model as random effects. Differences were declared at P ≤ 0.05 and trends at P ≤ 0.10. When interactions were detected between treatment and day, least squares means were separated using the PDIFF option of SAS. 
RESULTS

Postures
Lying. The amount of time spent lying did not differ (P = 0.716) between treatments. However, there was a time effect for lying (P < 0.001; Figure 1a ). Continuously transported pigs spent more (P < 0.01) time lying pretransport and 13 d post-transport than during the immediate post-transport and 6 d post-transport periods. Lairage pigs also spent more (P < 0.01) time lying at 13 d posttransport than during the immediate and 6 d post-transport periods. Time spent lying during the pre-transport period was greater (P < 0.05) than during the immediate posttransport period, but not different from 6 d post-transport.
Standing. There were no (P = 0.511) treatment differences in time spent standing; however, in both treatments, time spent standing was greater (P < 0.05) immediately after transport and on d 6 compared with pre-transport and on d 13 (Figure 1b) . Additionally, in lairaged pigs, time spent standing was greater before transport compared with the 13 d post-transport period (P < 0.05).
Sitting. There were no (P = 0.138) treatment differences in time spent sitting, but, again, a time effect was detected (P < 0.001; Figure 1c ). Time spent sitting was greater (P < 0.05) for both treatments pre-transport compared with any days after transport.
Behaviors (Inactivity)
Lairaged pigs spent most (P = 0.001) time inactive on d 13, and, even though d 6 was similar to pre-or posttransport inactivity in lairaged pigs, there was more (P < 0.05) inactivity before transport compared with immediately after transport (Table 3) . Continuously transported pigs, were most (P < 0.05) active during the immediate post-transport and d 6 post-transport periods.
Behaviors (Activity)
Eating. Lairaged pigs spent less (P < 0.001) time eating on d 13 post-transport compared with the other 3 time periods (Figure 2a) . Furthermore, continuously transported pigs spent less (P < 0.05) time eating on d 13 compared with the immediate and 6 d post-transport periods, but time spent eating was similar to the pre- transport period. There were no (P = 0.411) treatment differences in time spent eating.
Drinking. An interaction (P = 0.001) of time and treatment was found for drinking behavior (Figure 2b ). Lairaged pigs spent more (P < 0.01) time drinking before transport than continuously transported pigs, but immediately after transport, continuously transported pigs spent more (P < 0.05) time drinking than did lairaged pigs.
Manipulation of Pen. There was a time effect for pigs manipulating the pen (P = 0.051; Table 3 ). In both treatments, pigs spent less (P ≤ 0.05) time manipulating the pen on d 13 compared with baseline. Manipulation of pen was not affected by treatment (P = 0.545).
Walking. A time × treatment interaction (P = 0.019) was discovered for walking ( Figure 2c ). The amount of time spent walking declined (P < 0.05) steadily from before transport to d 13 post-transport in lairaged pigs, whereas amount of time spent walking peaked (P < 0.05) during the immediate post-transport period in continuously transported pigs compared with the other time periods. Furthermore, time spent walking was greater (P < 0.05) for continuously transported pigs in the immediate post-transportation period.
Rooting. Only 1 time effect was seen, for rooting (P < 0.001; Table 3 ). In both treatments, pigs spent more (P < 0.05) time rooting immediately post-transport and on d 6 post-transport compared with the pre-transport period. Treatment did not (P = 0.595) affect rooting behavior.
Social Interactions
Aggression. There were no time (P = 0.188), treatment (P = 0.556), or time × treatment interaction (P = 0.553) effects observed for the time spent in initiation or receipt of aggression (Table 3) .
Belly Nosing. Pigs spent less time (P ≤ 0.05) initiating and receiving belly nosing during the post-transport periods compared with pre-transport (Table 3) . Time spent initiating belly nosing by pigs was greater (P ≤ 0.05) before transport and during d 13 post-transport compared with both post-transport and d 6. Also, time spent in receipt of belly nosing was decreased (P ≤ 0.05) immediately post-transport in comparison with the pre-transport period.
Positive Social. A trend (P = 0.082) for an interaction of treatment and time for positive social behavior was observed. Lairaged pigs spent less (P < 0.01) time Table 3 . Percentage of observations that piglets spent (least squares means ± SE) engaged in different behaviors 24 h before transport (Pre), 24 h after transport (Post), and 6 and 13 d after transport initiating positive social interactions on d 13 compared with post-transport (Table 3) . Alternatively, lairaged pigs spent more (P < 0.05) time receiving positive social interactions before transport than immediately after transport and on d 13. Continuously transported pigs spent less (P ≤ 0.05) time receiving positive social behaviors on d 13 in comparison with pre-transport.
Playing. A treatment effect was discovered for initiating play (P ≤ 0.048; Table 3 ). Lairaged pigs spent more time initiating play early (pre-and post-transport) than continuously transported pigs.
DISCUSSION
Weaned pigs are transported for durations in excess of 8 h within the United States, similar to the 16 h to travel from North Carolina to Indiana. Grower and fi nishing fl oors have been built in close proximity (<4 h) to slaughter plants, yet many farrowing facilities remain at considerable distances from fi nishing fl oors and slaughter plants. This research examined the consequences of an 8-h, mid-journey rest stop without the added complications of entering into a new facility. At the time of this study, there were only 5 facilities in the United States that were dedicated to providing a rest stop for livestock during long-distance travel. Pens at these facilities are large enough for an entire truck to unload into a single pen, and all of those facilities implement stringent disease prevention protocols. However, older reports from Europe (Knowles et al., 1999) for calf transport concluded that calves responded better to a shorter, uninterrupted journey than when they were given the lairage, leading some to speculate that this may be true for swine as well.
One of the arguments in favor of continuous transportation is that most long-distance journeys in the United States are over relatively straight and well-maintained roads, and the reported effects of transport on animal well-being may be much different in many European countries with more curved roadways. Besides the obvious stressful effects of handling and unloading-loading processes, there is the question of exposure to new facilities. It is a complex question of how pigs will respond to the exposure of new facilities, which also fuels the debate.
In this study, postural changes after transport correspond to increased activity. Pigs became more active after transport as evidenced by increased rooting, and less belly nosing. Eating and aggression did not appear to be affected by the transport process, but pigs were not mixed during, or after, the transport. Lewis and Berry (2006) reported greater frequency of resting of newly weaned pigs transported for 12 and 24 h, but not for 6 h.
An interesting advantage of the mid-journey rest was that drinking behavior did not increase in the lairaged pigs when they returned from the second leg of their journey. It is possible that lairaged pigs were wellhydrated during their journey because of 2 observations: i) they had ad libitum access to water during the 8-h rest stop; and ii) they had greater water consumption even before the transportation. Newly weaned pigs only increased drinking after they had been transported for 24 h, not after 6-, or 12-h journeys (Lewis and Berry, 2006) .
We also saw increased walking for the continuously transported pigs that corresponds with their increased water consumption after transport. Lewis and Berry (2006) observed more feeding behaviors for newly weaned pigs after 12-and 24-h journeys. In contrast, no difference in eating behavior was observed in the present study, even though pigs in this study were older than those in the study of Lewis and Berry (2006) . Play was also greater in pigs that received the lairage treatment, but did not contribute to the increased time spent walking for that treatment. Fitzgerald et al. (2009) reported that pigs transported in June and July experienced fewer losses than those transported in winter months. Moreover, it has been suggested that smaller pigs require more water (Phillips and Fraser, 2001 ); thus, the smaller pigs used in this drinking, or c) walking after pigs were afforded an 8-h, mid-journey lairage period or transported continuously for 16 h (n = 32 pens per treatment). Treatment × time interactions (P < 0.05) were detected for drinking and walking, and within an observation day, bars lacking common letters differ (P < 0.05). study would be susceptible to more evaporative water loss. In fact, results of the present study clearly demonstrated there was an increase in drinking immediately after transport in continuously transported pigs, implying a signifi cant amount of dehydration occurred during the 16-h transport, and results of this study indicate that a mid-transport lairage rectifi es this loss of body fl uids.
Conclusions
A recommendation for the use of a lairage on a long journey is premature because of the consideration of only 1 variable (lairage) in this study. Pigs were not mixed during or after the transport, and in fact, they were isolated from other pigs during the lairage and loaded quite gently. Results of this study support the provision of water during long journeys, and demonstrated that long-duration transport, regardless of a mid-journey rest stop, impacts a number of behaviors up to 13 d after transportation.
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